###### Article summary

-   The original 22 items of the Transparent Reporting of a multivariable prediction model for Individual Prognosis Or Diagnosis (TRIPOD) statement were transformed into a systematic and transparent adherence assessment form including scoring rules, for use by anyone evaluating adherence to TRIPOD.

-   During the development, the adherence assessment form was extensively discussed, piloted and refined.

-   Recommendations for developing and using a standardised form for measuring adherence to a reporting guideline were formulated based on challenges encountered.

Background {#s1}
==========

Incomplete reporting of research is considered to be a form of research waste.[@R1] To eventually implement research results in clinical guidelines and daily practice, one needs sufficient details regarding the research to critically appraise the methods and interpret study results in the context of existing evidence.[@R3]

To improve the reporting of health research, many reporting guidelines have been developed for various types of studies, such as the CONsolidated Standards Of Reporting Trials (CONSORT) statement, STAndards for Reporting of Diagnostic Accuracy (STARD) statement, Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement, STrengthening the Reporting of OBservational studies in Epidemiology (STROBE) statement, REporting recommendations for tumour MARKer prognostic studies (REMARK) and the Transparent Reporting of a multivariable prediction model for Individual Prognosis Or Diagnosis (TRIPOD) statement.[@R7] A large number of reporting guidelines can be found on the website of the Enhancing the QUAlity and Transparency Of health Research (EQUATOR) Network, an international collaboration that supports the development and dissemination of reporting guidelines in order to achieve accurate, complete and transparent health research reporting ([www.equator-network.org](http://www.equator-network.org)).[@R4]

Publishing a reporting guideline followed by some form of recommendation or journal endorsement is not enough for researchers to adhere to reporting guidelines - a more active implementation is usually required.[@R5] In their guidance for developers of health research reporting guidelines, Moher and colleagues proposed 18 steps to be taken in the development of a reporting guideline, including several post-publication activities.[@R6] One of these activities is to evaluate the actual adherence and thus use of a reporting guideline over time, as has been carried out for CONSORT, STARD and PRISMA.[@R16] In multiple evaluations of the same guideline, different approaches to extract, score and record adherence to items of the guideline were seen, making comparisons difficult.[@R17] For example, a systematic review of studies assessing adherence to STARD found that the number of items assessed was inconsistent and the criteria required for considering the reporting of an item to be complete differed between adherence evaluations. In addition, not all studies performed quantitative scoring, preventing an objective comparison of adherence between studies.[@R17] A systematic adherence-scoring-system is needed to enhance objectivity and to ensure consistent measurement of adherence to a reporting guideline. A unique assessment form for adherence evaluations would reduce variation in the number of items being evaluated, how multicomponent items are being handled, and the scoring rules applied (on item level and overall adherence), and thereby facilitate comparison of reporting between different fields and over time.

As the TRIPOD statement was only recently published (2015), its impact has not been assessed yet. However, recently a baseline measurement was performed to evaluate the extent to which prediction model studies before the introduction of TRIPOD reported each of the TRIPOD items.[@R24] Based on this, the TRIPOD steering committee aimed to develop a systematic and transparent adherence-scoring-system to be used by other researchers to facilitate and ensure uniformity in measuring adherence to TRIPOD in future studies. We also provide general recommendations on developing an adherence assessment form for other reporting guidelines.

Developing the TRIPOD adherence assessment form {#s2}
===============================================

Our adherence assessment form contains all 22 main items of the original TRIPOD statement. Ten of these TRIPOD items actually comprise two (items 3, 4, 6, 7, 14, 15 and 19), three (items 5 and 13) or five (item 10) sub items (denoted by a, b, c, etc; see [box 1](#B1){ref-type="boxed-text"}).[@R15] For our TRIPOD adherence assessment form, we further specified these original TRIPOD items (main or sub items, hereafter referred to as items) into so-called adherence elements. When a TRIPOD item contains multiple elements to report, multiple adherence elements were used. For example, for TRIPOD item 5a *'Specify key elements of the study setting (eg, primary care, secondary care, general population) including number and location of centres.'* we defined three adherence elements to record information regarding (1) setting, (2) number and (3) location of centres.

We further distinguished four types of prediction model studies: model development, external validation, incremental value of adding one or more predictor(s) to an existing model, or a combination of development and external validation of the same model. Six TRIPOD items only apply to development of a prediction model (10a, 10b, 14a, 14b, 15a and 15b) and six only to external validation (10 c, 10e, 12, 13 c, 17 and 19a) ([box 1](#B1){ref-type="boxed-text"}).[@R15] All TRIPOD items, except for TRIPOD item 17, were considered applicable to incremental value reports. As not all TRIPOD items apply to all four types of prediction model studies, we defined four versions of the adherence assessment form, depending on whether a report described model development, external validation, a combination of these, or incremental value. If a report addressed both the development and external validation of the same prediction model, the reporting of either was assessed separately and subsequently combined for each adherence element.

There were several stages in the process of developing the adherence assessment form ([figure 1](#F1){ref-type="fig"}). All authors commented on the first version of the form. A revised version was then piloted by four authors representing the TRIPOD steering committee (JBR, GSC, DGA and KGMM). Based on their experiences adaptations to the form were made, mainly in the number and wording of the adherence assessment elements. Subsequently, the form was piloted by a group of various end-users consisting of PhD students, junior researchers, assistant and associate professors, professors and senior editors (n=16). Thereafter, three other authors (PH, JAAGD and RP) used the next version of the form when assessing six studies in duplicate. Items that led to disagreement or uncertainty more than once (items 2, 4b, 5a, 5c, 6a, 6b, 7b, 8, 10a, 10b, 10d, 11, 13a, 13b, 19 and 20) were discussed within the entire author team, leading to the final version of the form that was used to assess adherence to TRIPOD in a set of 146 publications.[@R24] The form was also used by another group assessing adherence to TRIPOD in prognostic models for diabetes (publication in preparation). Challenges encountered and discussions held in this stage, only led to textual refinements to the form. Our final adherence assessment form, including considerations and guidance regarding scoring and calculations, is summarised in online [supplementary file 1](#SP1){ref-type="supplementary-material"}. It can also be found on the website of the TRIPOD statement ([www.tripod-statement.org](http://www.tripod-statement.org/)).Box 1Items of the Transparent Reporting of a multivariable prediction model for Individual Prognosis Or Diagnosis (TRIPOD) statementTitle and abstract**Title (D; V):** identify the study as developing and/or validating a multivariable prediction model, the target population and the outcome to be predicted.**Abstract (D; V):** provide a summary of objectives, study design, setting, participants, sample size, predictors, outcome, statistical analysis, results and conclusions.Introduction**Background and objectives**:**(D; V)** Explain the medical context (including whether diagnostic or prognostic) and rationale for developing or validating the multivariable prediction model, including references to existing models.**(D; V)** Specify the objectives, including whether the study describes the development or validation of the model or both.Methods**Source of data**:**(D; V)** Describe the study design or source of data (eg, randomised trial, cohort or registry data), separately for the development and validation data sets, if applicable.**(D; V)** Specify the key study dates, including start of accrual, end of accrual and if applicable, end of follow-up.**Participants**:**(D; V)** Specify key elements of the study setting (eg, primary care, secondary care or general population) including number and location of centres.**(D; V)** Describe eligibility criteria for participants.**(D; V)** Give details of treatments received, if relevant.**Outcome**:**(D; V)** Clearly define the outcome that is predicted by the prediction model, including how and when assessed.**(D; V)** Report any actions to blind assessment of the outcome to be predicted.**Predictors**:**(D; V)** Clearly define all predictors used in developing or validating the multivariable prediction model, including how and when they were measured.**(D; V)** Report any actions to blind assessment of predictors for the outcome and other predictors.**Sample size (D; V)**: explain how the study size was arrived at.**Missing data (D; V)**: describe how missing data were handled (eg, complete-case analysis, single imputation or multiple imputation) with details of any imputation method.**Statistical analysis methods:(D)** Describe how predictors were handled in the analyses.**(D)** Specify type of model, all model-building procedures (including any predictor selection) and method for internal validation.**(V)** For validation, describe how the predictions were calculated.**(D; V)** Specify all measures used to assess model performance and, if relevant, to compare multiple models.**(V)** Describe any model updating (eg, recalibration) arising from the validation, if done.**Risk groups (D; V):** provide details on how risk groups were created, if done.**Development vs. validation (V)**: for validation, identify any differences from the development data in setting, eligibility criteria, outcome and predictors.Results**Participants**:**(D; V)** Describe the flow of participants through the study, including the number of participants with and without the outcome and, if applicable, a summary of the follow-up time. A diagram may be helpful.**(D; V)** Describe the characteristics of the participants (basic demographics, clinical features and available predictors), including the number of participants with missing data for predictors and outcome.**(V)** For validation, show a comparison with the development data of the distribution of important variables (demographics, predictors and outcome).**Model development**:**(D)** Specify the number of participants and outcome events in each analysis.**(D)** If done, report the unadjusted association between each candidate predictor and outcome.**Model specification**:**(D)** Present the full prediction model to allow predictions for individuals (ie, all regression coefficients and model intercept or baseline survival at a given time point).**(D)** Explain how to use the prediction model.**Model performance (D; V)**: report performance measures (with CIs) for the prediction model.**Model-updating (V)**: if done, report the results from any model updating (ie, model specification and model performance).Discussion**Limitations (D; V)**: discuss any limitations of the study (such as non-representative sample, few events per predictor, missing data).**Interpretation**:**(V)** For validation, discuss the results with reference to performance in the development data and any other validation data.**(D; V)** Give an overall interpretation of the results, considering objectives, limitations, results from similar studies and other relevant evidence.**Implications (D; V)**: discuss the potential clinical use of the model and implications for future research.Other information**Supplementary information (D; V)**: provide information about the availability of supplementary resources, such as study protocol, Web calculator and data sets.**Funding (D; V)**: give the source of funding and the role of the funders for the present study.[^1]
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Using the TRIPOD adherence assessment form {#s3}
==========================================

Scoring adherence per TRIPOD item {#s3a}
---------------------------------

First, one has to judge for each adherence element whether the requested information is available in a report. The elements are formulated as statements that can be answered with 'yes 'or 'no' (see online [supplementary file 1](#SP1){ref-type="supplementary-material"}). For some elements it may be acceptable if authors in their report make explicit reference to another publication (ie, explicitly mention that the information of that adherence element is described somewhere else). This is denoted by the answer option 'referenced'. For adherence elements that do not apply to a specific situation (for example reporting of follow-up (item 4b) might be not relevant in a diagnostic prediction model study), there is the answer option 'not applicable'.

The next step is to determine the adherence of a report per TRIPOD item. In general, if the answer to all adherence elements of a particular TRIPOD item is scored 'yes' or 'not applicable', the TRIPOD item is considered as adhered. In some situations a different scoring rule is used, which is described in the adherence assessment form for the corresponding items.

Overall adherence to TRIPOD {#s3b}
---------------------------

A report's overall TRIPOD adherence score is calculated by dividing the sum of the adhered TRIPOD items by the total number of applicable TRIPOD items. Since some TRIPOD items are not applicable to all four types of prediction model studies, this total varies. The total number of applicable TRIPOD items for development is 30, for external validation 30, for incremental value 35 and for development and external validation of the same model 36. In addition, five TRIPOD items (5c, 10e, 11, 14b and 17) might not be applicable for specific reports (online [supplementary file 1](#SP1){ref-type="supplementary-material"}).

If one reviews multiple prediction model studies on their adherence to TRIPOD, overall adherence per TRIPOD item can be calculated by dividing the number of studies that adhered to a specific TRIPOD item by the number of studies in which the specific TRIPOD item was applicable.

Recommendations for developing and using a **standardised form for assessing adherence to a reporting guideline** {#s4}
=================================================================================================================

As described earlier, during the process of designing this adherence assessment form we extensively discussed, piloted and refined our methods. One issue specific to TRIPOD we discussed, were the different types of prediction model studies (development, external validation and incremental value) that can be found in various combinations within publications. As not all TRIPOD items apply to all types of prediction model studies, overall adherence scores need to be calculated per type of prediction model study.

A more general issue is how to deal with items containing several reporting elements. For TRIPOD we decided to determine adherence to a specific item by requiring complete information on all elements of that item. Hence, we created multiple adherence elements per TRIPOD item, as necessary.

Another issue with regard to scoring adherence is how to handle (elements of) TRIPOD items that were not applicable for a specific prediction model study. This not only concerns the judgements at the level of adherence elements, but also the calculations of adherence per TRIPOD item and of the overall adherence. Overall adherence, in the form of a percentage of items adhered to, requires a clear denominator of total number of items one can adhere to. One has to decide whether to take items that are considered not applicable into account in the numerator as well as in the denominator. Determining applicability is subjective and requires interpretation. In our experience, items for which interpretation was needed, sometimes indicated by phrases like 'if relevant' or 'if applicable', were the most difficult ones to score and these items are a potential threat to inter-assessor agreement.

We present our recommendations for developing and using a standardised form for measuring adherence to a reporting guideline in [box 2](#B2){ref-type="boxed-text"}.Box 2Recommendations for developing and using a standardised form for measuring adherence to a reporting guidelineDecide which items are applicable to the set of publications of which you are going to measure adherence to the reporting guideline.Split items of a reporting guideline that consist of several sub items and elements into separate adherence elements to enable more detailed judgement of reporting.Pay attention on explicit wording of adherence elements, to make them as objective as possible.Determine for which items reference to information in another publication (instead of explicit reporting of that information) is acceptable for adherence.Define how to handle items that are not applicable to a specific report:Agree on which items this may concern and in what specific situations an adherence element or item could be considered as not applicable.Decide how to incorporate the 'not applicable' scores' in determining adherence, per item as well as overall.Provide the final tailored adherence assessment form with clear guidance about the procedure and pilot the document in a small number of studies with several assessors:If there is poor agreement, discuss and refine the document.With good agreement, complete the assessment for all publications.Abstract and document information separately for each adherence element. This creates flexibility, as one is able to decide post hoc which elements to incorporate in calculating adherence per item, and thus overall adherence.

Concluding remarks {#s5}
==================

Evaluation of the impact of a reporting guideline should be as standardised and uniform as possible. However, this is not straightforward as reporting guidelines are usually not developed as an instrument to measure completeness of reporting. We present an adherence assessment form that facilitates uniformity in measuring adherence to TRIPOD. The form is provided in online [supplementary file 1](#SP1){ref-type="supplementary-material"} and on the website of the TRIPOD statement ([www.tripod-statement.org](http://www.tripod-statement.org)). Although, when developing the form, we had researchers evaluating quality of reporting in mind as target users, it can also be used by others interested in assessing adherence to TRIPOD, like authors, journal reviewers and editors. We would like to emphasise that our form should be used for assessing adherence to TRIPOD and not for assessing quality of prediction model studies (for which the Prediction model study Risk Of Bias Assessment Tool (PROBAST) was developed; [www.probast.org](www.probast.org)).

We did not perform formal user testing or reliability assessments, however we refined our adherence assessment form based on extensive discussions and pilot assessments within the author team, as well as by other potential users.

We advise developers of reporting guidelines to consider adherence issues and impact evaluation early in the process of guideline development, as also recommended by Moher and colleagues.[@R6] More specifically, attention should be paid to explicit wording of items, to make them as objective as possible and facilitate the interpretation of applicability and relevance.
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[^1]: *D; V*: item relevant to both development and external validation; *D*: item only relevant to development; *V*: item only relevant to external validation
